BACKGROUND: Many older adults become dependent in one or more activities of daily living (ADLs: dressing, bathing, transferring, eating, toileting) when hospitalized, and their prognosis after discharge is unclear. OBJECTIVE: To develop a prognostic index to estimate one-year probabilities of recovery, dependence or death in older hospitalized patients who are discharged with incident ADL dependence. DESIGN: Retrospective cohort study. PARTICIPANTS: 449 adults aged ≥ 70 years hospitalized for acute illness and discharged with incident ADL dependence. MAIN MEASURES: Potential predictors included demographics (age, sex, race, education, marital status), functional measures (ADL dependencies, instrumental activities of daily living [IADL] dependencies, walking ability), chronic conditions (e.g., congestive heart failure, dementia, cancer), reason for admission (e.g., neurologic, cardiovascular), and laboratory values (creatinine, albumin, hematocrit). Multinomial logistic regression was used to develop a prognostic index for estimating the probabilities of recovery, disability or death over 1 year. Discrimination of the index was assessed for each outcome based on the c statistic. KEY RESULTS: During the year following hospitalization, 36 % of patients recovered, 27 % remained dependent and 37 % died. Key predictors of recovery, dependence or death were age, sex, number of IADL dependencies 2 weeks prior to admission, number of ADL dependencies at discharge, dementia, cancer, number of other chronic conditions, reason for admission, and creatinine levels. The final prognostic index had good to excellent discrimination for all three outcomes based on the c statistic (recovery: 0.81, dependence: 0.72, death: 0.78). CONCLUSIONS: This index accurately estimated the probabilities of recovery, dependence or death in adults aged 70 years or older who were discharged with incident disability following hospitalization. This tool may be useful in clinical settings to guide care discussions and inform decision-making related to posthospitalization care.
INTRODUCTION
Hospitalization often marks a critical transitional event in older adults. [1] [2] [3] [4] In many cases, an elderly patient who is fully independent prior to hospitalization may require help with one or more basic activities of daily living (ADLs: dressing, bathing, transferring, eating, or toileting) at the time of discharge. This change in functional status may result in the need for family members to take on new roles or hire a paid caregiver following hospitalization. In some cases, it reflects a brief period of dependence that is followed by full recovery of functional status. In other cases, it reflects the beginning of an extended period of functional dependence or is a harbinger of death. For both patients and clinicians, it is critically important to be able to accurately predict functional outcomes in elders who are discharged with incident disability following hospitalization, so that patients and family members can be informed of the most likely prognosis and be targeted toward the most appropriate post-hospitalization care and resources. Systematic reviews have identified a variety of tools to predict the risk of functional decline, nursing home placement and mortality in older adults following hospitalization. [5] [6] [7] [8] [9] Fewer studies have explored predictors of functional recovery in hospitalized elders. 10, 11 No tools are available to predict the likelihood of recovery versus continued dependence or death in the important setting of an elderly patient who is discharged with incident disability following hospitalization.
The objective of our study was to develop a prognostic index that can be used to simultaneously predict the risk of three outcomes (recovery, dependence or death) over 1 year, in older adults who are discharged with incident ADL dependence following hospitalization.
METHODS

Participants
Study participants were drawn from two randomized, controlled trials (RCTs) that examined the effects of receiving care in a specialized Acute Care for Elders (ACE) unit versus usual care in hospitalized elders. The trials had similar designs and collected similar data. 12, 13 Both studies found no significant differences between the intervention and control groups for the outcomes of ADL decline or mortality. Therefore, subjects from the two studies were combined for the current study to increase the sample size. Subjects for the original studies were considered potentially eligible if they were ≥70 years of age and admitted to the general medical service of one of two study hospitals (University Hospitals of Cleveland or Akron City Hospital) from 1993 to 1998. Exclusion criteria included admissions that were elective, were to intensive care or subspecialty units, or that resulted in a length of stay less than 2 days. A total of 3,163 participants were enrolled in the original RCTs. Our study focuses on the subset of subjects who were fully independent in all five basic ADLS 2 weeks prior to admission (referred to here as baseline) and had one or more ADLs dependencies at discharge (N=473). Twenty-four participants were missing 1 year outcome data, leaving a total of 449 hospitalized elders who were discharged with incident ADL dependence for inclusion in our study.
All study procedures were approved by the Institutional Review Boards at the participating sites, and informed consent was obtained orally from patients or their proxies. Analyses described here were approved by the Committee on Human Research at the University of California, San Francisco, and the San Francisco Veterans Affairs Medical Center Research & Development Committee.
Predictor Variables
A standardized questionnaire was administered to study participants at admission by trained research staff. Demographic variables included age, sex, marital status, selfidentified race (white or black), years of education, and income. Depressive symptoms were assessed using the 10-item version of the Center for Epidemiologic StudiesDepressive symptom scale (CES-D), in which scores may range from 0 to 10 with scores ≥ 4 suggestive of depression.
14 Cognitive function was assessed with the 10-point Short Portable Mental Status Questionnaire (SPMSQ). 15 In participants who had evidence of cognitive impairment (defined as more than five errors on the SPMSQ) or were unable to answer questions for themselves, data were collected from surrogates and depressive symptoms were not assessed.
Functional status at baseline and admission were assessed with questions related to mobility (ability to walk a block, walk uphill or up stairs and run a short distance), dependence in instrumental activities of daily living (IADLs: shopping, cooking, performing household chores, using transportation, managing money, managing medications and using the telephone), and dependence in ADLs. ADL dependence was also reassessed at discharge and considered as a potential predictor of one-year outcomes. Subjects were considered dependent if they required the assistance of another person to perform the activity. Those who used assistive devices or aids but did not require personal assistance were considered independent.
Additional data were collected from the medical record by trained chart abstractors. Medical diagnoses included those in the Charlson comorbidity index (myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular disease, dementia, chronic pulmonary disease, connective tissue disease, peptic ulcer disease, mild liver disease, diabetes, hemiplegia, moderate or severe renal disease, diabetes with end organ damage, any tumor, leukemia, lymphoma, moderate or severe liver disease, metastatic cancer, AIDS). 16 Laboratory values included those in the Acute Physiology component of the Acute Physiology and Chronic Health Evaluation (APACHE) Score (creatinine, serum albumin, hematocrit). 17 The primary reason for admission was classified using a detailed checklist and was categorized as neurologic (e.g., stroke, head trauma, seizure), cardiovascular (e.g., myocardial infarction, congestive heart failure, hyper/hypotension), infectious (e.g., sepsis, meningitis, fever, urinary tract infection), pulmonary (e.g., pneumonia, bronchitis, asthma), hematologic (e.g., anemia), gastrointestinal (e.g., bleeding, liver disease, pancreatitis), metabolic (e.g., hyper/hypoglycemia, renal failure, substance abuse) or other. 18 
Outcome Variables
Our primary outcome variable was functional status (recovery, dependence or death) at 1 year. Recovery was defined as being fully independent in all ADLs. Dependence was defined as continued dependence in at least one ADL. Functional status was determined based on interviews with study participants or informed surrogates. Death was confirmed by searching the National Death Index.
Analyses
Our analyses were guided by the key principles for development and validation of prognostic indices, [19] [20] [21] [22] [23] [24] with extension to the setting of a tri-level outcome. 25 The association between each potential predictor and our trilevel outcome was first examined in bivariate analyses using Chi-square for categorical variables and one-way analysis of variance for continuous variables. All continuous variables were also examined as categorical variables using logical cut-points when available (e.g., education <12 years), or based on distributional characteristics (e.g., tertiles). For the Charlson comorbidity index and acute physiology score, we examined the individual components of the scores as well as the total scores.
Variables that were associated with the outcome in bivariate analyses (p < 0.10) were then considered in multinomial logistic regression analyses, which are an extension of logistic regression to the setting of multiple outcomes. 25 We used an iterative process and best subsets regression to build a model that maximized prognostic accuracy while minimizing over-fitting. Initial models included age, sex, and baseline IADLs. Subsequent models added Charlson comorbidities, ADLs at discharge, reason for admission and laboratory values. Generalized additive models (GAM) and loess smooths were used to assess for nonlinearity in continuous variables. Likelihood ratio tests were performed to determine whether addition of new variables significantly improved model fit. An overall p value for the association between each predictor and the trilevel outcome was calculated, and variables that were no longer significant (p≥0.10) were removed. The final model was used to calculate the predicted probabilities of the three outcomes for each subject, such that the total predicted probability added to 100 %.
The prognostic accuracy of the final model was assessed by calculating the c statistic for each outcome. 19, 24, 25 Because c statistics can only be calculated for dichotomous comparisons, we used the predicted probabilities from the multinomial model to calculate c statistics for recovery (vs. dependence or death), dependence (vs. recovery or death) and death (vs. recovery or dependence). Model calibration for each of the three outcomes was assessed graphically by plotting actual outcomes as a function of decile of predicted risk, and statistically with the Hosmer-Lemeshow statistic. Overfitting was assessed using bootstrapping to estimate model optimism. 21, 22, 26 Finally, exploratory analyses were performed to examine the effects of hospital readmission on 12-month outcomes and the accuracy of the final index. Table 1 shows baseline characteristics of the total study population, as well as stratified by status of recovered independence, continued dependence or death at 1 year. Overall, 44 % of study participants were 70-79 years old, 43 % were 80-89 and 13 % were ≥ 90. Approximately twothirds were female, one-third were married, 21 % were black, and 41 % had fewer than 12 years of education. At baseline (2 weeks prior to admission), all subjects were fully independent in all five ADLs; however, 44 % were unable to walk a block and 58 % required assistance with one or more IADLs. By the time of admission, 64 % had developed one or more ADL dependency and nearly onefourth were dependent in four to five ADLs. In addition, 90 % required assistance with one or more IADLs. At discharge, all subjects had become dependent in at least one ADL, and nearly 20 % were fully dependent.
RESULTS
At 1 year, 36 % of subjects had fully recovered, 27 % remained dependent and 37 % had died. Factors that were significantly associated with status at 1 year (recovery, dependence or death) in bivariate analyses included age, sex, baseline functional status (ability to walk a block, number of IADL dependencies), chief reason for admission, some comorbid medical conditions (dementia, cancer, chronic pulmonary disease), creatinine levels, and functional status at discharge (number of ADL dependencies) ( Table 1) .
The final prognostic index included age (categorized as 70-79, 80-89, ≥ 90); sex; function at baseline (number of IADL dependencies, categorized as 0, 1-2, ≥ 3); reason for admission (categorized as neurologic, cardiovascular, pulmonary, gastrointestinal, other); dementia; any cancer (solitary tumor, leukemia, lymphoma or metastatic); number of other chronic conditions (categorized as 0, 1, ≥ 2); creatinine ≥ 1.5 mg/dL and function at discharge (number of ADL dependencies, categorized as 1, 2-4, 5). Odds ratios from the three separate logistic regression models that underlie the multinomial logistic model are presented in Table 2 . Discrimination of these models was good to excellent, based on the c statistic (recovery: 0.81; dependence: 0.72; death: 0.78). When bootstrapping was used to estimate model optimism, the c statistics were reduced but still good (recovery: 0.76; dependence: 0.66; death: 0.73).
Predicted Versus Actual Outcomes
The final multinomial logistic regression model was used to predict the probability of recovery, dependence or death for each subject, such that the sum added to 100 %. Figure 1 shows the predicted probabilities of the three outcomes as a function of actual outcomes. In subjects who recovered (Fig. 1a) , the predicted probabilities cluster in the left corner of the triangle, suggesting that the predicted probability of recovery tends to be high in those who actually recover. Similarly, in subjects who died (Fig. 1c) , there is a clustering in the right corner, suggesting that the predicted probability of death is high in most people who actually died. In subjects who remained dependent (Fig. 1b) , there is a more diffuse pattern, suggesting that dependence is more difficult to predict reliably. This is also reflected in the lower c statistic for dependence. Figure 2 shows Figure 1a -c, with each section laid on top of each other, with colored dots to represent the actual outcomes (red=recovery, green=dependence, blue=death). This provides a visual sense of the true positive to false positive ratio for each outcome. For example, it shows that, in individuals with a high predicted probability of recovery (left corner), some subjects remained dependent (green) or died (blue), but most recovered (red).
Calibration plots suggested no significance differences between predicted and actual probabilities across deciles of predicted risk for all three outcomes (recovery, p= 0.93; dependence, p= 0.12; death, p= 0.67). (34) 23 (32) 25 (34) 4 43 12 (28) 17 (40) 14 (33) 5 87 11 (13) 27 (31) 49 (56) Values reflect number for the total population and row number (percent) for status at 1 year. P values are based on Chi-square over the three outcomes. Baseline=2 weeks before admission. ADL, activities of daily living; IADL, instrumental activities of daily living. Data missing as follows: marital status (n=1); education (n=47); able to walk a block at baseline (n=21); IADL at admission (n=8); ADL at admission (n=5); chief reason for admission (n=3); comorbid conditions (n=5); creatinine (n=8); hematocrit (n=34); albumin (n=47). 
Impact of Hospital Readmission
Cumulative readmission rates were 8 % (n=38) at 30 days, 16 % (n=74) at 90 days, 20 % (n=91) at 6 months and 23 % (n=102) at 12 months. Hospital readmission at any point was significantly associated with lower odds of recovery and higher odds of death, but not with continued dependence at 12 months. Inclusion of hospital readmission in the index had minimal impact on model discrimination based on c statistics for the different outcomes.
DISCUSSION
Our prognostic index can be used to predict the probability of recovery, dependence or death in the setting of a patient aged 70 years or older who is being discharged from the hospital with incident ADL dependence. The key predictors can all be obtained relatively easily, and include age, sex, number of IADL dependencies two weeks prior to admission, number of ADL dependencies at discharge, medical diagnoses, primary reason for admission, and creatinine level. Together, these predictors enabled accurate stratification of the study population into those with a high likelihood of recovery, dependence or death. The prognostic accuracy achieved for the three outcomes in the current study based on the c statistic (recovery, 0.81; dependence, 0.72; death, 0.78) is consistent with, or superior to, that achieved with single outcomes in other studies. Numerous tools have been developed to predict the single outcomes of functional decline [27] [28] [29] [30] [31] [32] [33] [34] or mortality [35] [36] [37] [38] [39] [40] [41] [42] in hospitalized elders. Prognostic accuracy is generally moderate to good, with c statistics ranging from 0.64 to 0.79. 8, 9 We are unaware of any tools to predict recovery or to predict multiple outcomes simultaneously. Therefore, our index provides a unique and important contribution to the field. Figure 1 . a-c. Predicted probabilities of recovery, dependence and death as a function of actual outcomes. The three-way predicted probabilities of recovery, dependence and death are shown for subjects who actually recovered (Fig. 1a) , remained dependent (Fig. 1b) or died (Fig. 1c) , such that the total predicted probability for each subject adds to 100 %. The predicted probability for each outcome may range from 0 % (base of triangle opposite the outcome of interest) to 100 % (corner of triangle for outcome of interest); the lines parallel to the base reflect predicted probabilities progressing from 10 % to 90 %. To determine a subject's predicted probability of a given outcome, start at the base opposite the outcome (0 %) and count the number of parallel lines until the subject of interest is reached. For example, in Figure 1a , the predicted probabilities for the subject with the highest predicted probability of recovery (left corner) are 93 % recovery, 5 % dependent and 2 % death. In Figure 1b , the predicted probabilities for the subject with the highest predicted probability of dependence (top) are 72 % dependent, 21 % death and 7 % recovery. In Figure 1c , the predicted probabilities for the subject with the highest predicted probability of death (right corner) are 95 % death, 2 % recovery and 4 % dependence (numbers do not add to 100 % due to rounding). 
Clinical Implications
We have created a web-based calculator for our tool (http:// campuslifeservices.ucsf.edu/documentsmail/portfolio/client/ agingcalculator/) and envision that it could be used by physicians, nurses and/or social workers as part of the discharge planning process, to inform discussions with patients and family members on likely prognosis over 1 year and to develop care plans. In patients with a high predicted probability of recovery, discussions could focus on the importance of rehabilitation and on the need for temporary assistance with daily activities. In patients with a high predicted probability of continued disability, discussions could focus more on planning for provision of more extensive care at home, or transitioning to an assisted living facility. In patients with a high predicted probability of death, discussions could focus more on end-of-life goals and provision of palliative care. In some patients, the predicted probabilities of all three outcomes may be low (< 50 %). This also is important information for clinicians, patients and family members, because it suggests that recovery, dependence and death over the coming year are all likely enough that plans should be made to accommodate all three outcomes.
Limitations
Our study has several limitations that should be considered. First, our index was developed based on secondary data analyses using a retrospective cohort study design. In addition, data were collected in the mid-1990s, potentially raising concern about whether results will apply under current conditions. However, the predictors identified have face validity in today's medical setting, and are consistent with those that have been included in single-outcome tools. Although data related to functional status are not always routinely collected in hospitalized elders, they are simple to collect from either patients or family members, and there is substantial evidence that functional status is a key predictor of a wide range of outcomes. 11, 43, 44 Finally, our index has not been externally validated. Since we are unaware of another study of hospitalized elders that could be used for external validation, the best approach may be for clinicians to use the index and determine for themselves whether it is helpful for informing clinical decision-making. Additional studies will be needed to assess the impact of the index on clinical practice.
Conclusion
Our prognostic index can be used to predict the probabilities of recovery, dependence and death in adults aged 70 years or older who are discharged with incident ADL dependence. This tool may be useful in clinical settings to guide care planning and inform discussions regarding prognosis with patients and family members.
